A new numerical method is proposed for predicting the nonlinearity of tilting-pad guide bearing oilfilm force in the rotor-bearing system in a large hydro-unit. Nonlinear displacement and velocity of the journal center, as well as nonlinear tilting angles and angular velocities of the pads in non-stationary Reynolds equation are taken into account. This method is also suited for other small rotor-bearing system. As an example, the response due to a momentarily created unbalance is calculated. The nonlinear motion patterns of the pad and journal whirling orbit are obtained. Finally, the nonlinear orbit is compared to the linear one that could be calculated from linear stiffness and damping coefficients. It is shown that there are important differences between those two orbits and that the nonlinear simulation is more accurate.
INTRODUCTION
With increasing size and performance of hydro-unit for power generation plants, knowledge of their behavior becomes more and more important. Basically, dynamic stability of the large hydro-unit is currently receiving a great deal of attention in literature since it influences the hydro-unit normal running directly. For example, in the Three Gorges Project, each hydro-unit's rated capacity reaches 700 MW, and its runner and guide bearing diameter are 10 and 3 m respectively. Especially, in order to determine design parameters (such as the number of guide bearings, radial clearance, supporting stiffness and journal's size, etc.), moreover, to evaluate the external exciting forces and deliver control tactics, it is indispensable to analyze the rotor system dynamic behavior accurately during the unit's design stage. Therefore, the dynamic behavior of rotor system is very important.
The large hydro-unit with a vertical arrangement is modeled in Fig. l(a) . From dynamics point of view, rotor-bearing system of such machinery consists of shaft, generator rotor, water turbine, thrust bearings and seal rings, etc... For the sake of safety of the hydro-unit running, the critical speed, natural frequency, and dynamic response of rotor system in lateral vibration would be important. All these respects have a close relation with the oil film dynamic behavior. The guide bearing, which serves as a support in radial direction, is not loaded static external force in radial direction in such vertical arrangement machinery, and the journal center should coincide with the bearing center in theory. It is well known that the stiffness and damping coefficients of the bearing perhaps are very small under previous conditions especially in the small pre-load bearing. So that, the displacement and velocity response of rotor system are perhaps comparable large as external excitation force is small. Sometime the Francis type hydraulic turbine would suffer a large lateral hydraulic excitation force when it is running on part load. This excitation force would make the center ofjournal whirl with a large amplitude. The linear theory is unsuitable for this situation. Consequently, we should look guide bearing film force as nonlinear function of journal center's displacement and velocity, pads' swing angles and angular velocities.
THEORETICAL ANALYSIS
Methods to Obtain Nonlinear Film Force (a) Approximate method (Furkawa et al., 1994;  Wang and Zhang, 1993). Reynolds equation is reduced by using long or short bearing assumption or using nonlinear coefficients that are defined as linear oil film model.
(b) Database method (Wang and Zhang, 1993) .
The database of non-stationary oil film force of bush segment has been set up and used to provide bush segment non-stationary oil film forces for assembling up the bearing nonlinear forces.
(c) Numerical simulation method (Cardinali et al., 1993; Gadangi et al., 1996; Monmousseau et al., 1997; Brancati et al., 1995) . Non-stationary Reynolds equation is solved in the transient moving state of journal center of a specific bearing.
The first method reduced so much that it could not be satisfied with the need of the more accurate nonlinear analysis although its computation speed is fast. Both the accuracy and speed of the second method are better, but it only suits the fixed multilobe bearing at present. The 
0 (at oil film rupture boundary).
(2.4)
Because the journal diameter is very large, journal speed is low, and radius clearance is small, the Reynolds number of fluid in the clearance is much lower than its critical value. So that, Eq. Due to each tilting-pad is allowed to pitch about its pivot point, the pads' motion equation can be gained as follows: (x, 2, y, ) )} ), with implicit method and obtain (x, 2,y,)?)} 2), and then, to judge whether the accuracy is satisfied, if not, let (x, 2, y, )2) (x, 2, y, 9)} 1/ and return to the (d) , (e), steps in turns until the reach to to that has been specified.
According to the former simulation course, we have completed the nonlinear film force calculation program. The diagram of calculation procedure is shown in Fig. 2 Furthermore, a comparison of the nonlinear simulation with a linear one is carried out under the same operating conditions. In the linear simulation, the dynamic coefficients of bearing are calculated at the center of the bearing and listed in Table III . force amplitude increases to a value big enough to make the radius of nonlinear whirling orbit reach to about 0.75, there is a distinct difference between these two. The linear result is wrong visibly (see Fig. 9(c) ). Of course, the dynamic responses computed by nonlinear simulation appear to be more accurate and realistic.
However, the nonlinear simulations spend more CPU-time than the linear.
3. In the other point of view, when the external force is small, the linear and nonlinear whirling orbit are almost equal. 
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